VARIOUS studies (Diehl and Tromp, 1954) on the geographical distribution of cancer (all sites together) in the Netherlands suggest a soil-cancer relationship.
In these studies also a historical review was given of similar observations in Great Britain by A. Haviland, A. T. Brand, H. T. Butlin, A. Jackson and C. D. Legon, and in France by Fiessinger, Foucault, Geuillot, Molliere, Robinet, Delbet and others. In connection with a recent field study in Wales, by the British Empire Cancer Campaign under leadership of Dr. Percy Stocks, Davies and Wynne Griffith (1954a) and Wynne Griffith and Davies (1954) were able to establish a statistically significant relationship between type of soil in the County of Anglesey and mortality frequencies of cancer of the stomach.
In Table I , for the period , a summary is given of the average cancer mortality (all sites together) per decade, per 100,000 inhabitants (both sexes together) for 7 principal soil units in the Netherlands. These mortality data were obtained as follows: the municipalities in the Netherlands were grouped together according to the type of soil on which the larger part of those municipalities (smallest administrative geographical unit in the Netherlands) was located. This classification was carried out with assistance of the Agricultural Soil Survey Institute at Wageningen. The total number of cancer deaths (all sites together) in each of these municipal groups during the period 1900-1940 (and each of the four decades separately) was standardized on 100,000 inhabitants (males and females together) above the age of 50 years. Table I indicates that in each decade separately and for the average period 1900-1930 and 1900-1940 almost the same ranking by cancer mortality is found. If for each soil unit the percentage of " plus " municipalities is determined (i.e. the ratio between the number of municipalities located on a soil unit with average cancer mortality above the average of the country as a whole and the total number of municipalities belonging to that same soil unit), the succession is even more consistent and is statistically significant (see Appendix No. 1).
One could object tlhat, despite the standardization on the population above 50, the observed differences are due to differences in age group structure of the population above the age of 50, living on the various soil units. However, a detailed analysis was carried out (Diehl and Tromp, 1954) which does not support this viewpoint. For example on sea clay soils, with an average cancer mortality (and percentage "plus" municipalities) lower than that of the reclaimed peat soils, the percentage of population above 65 years of age on the total population is 7.2 against 6.8 on the reclaimed peat soils, and 6.3 on the peat soils. Other soil-cancer analyses support the observation that high average cancer mortality (or percentage of" plus " municipalities) based on the population over 50'cannot be explained in most instances by high percentages of population over 65 and vice versa.
More convincing proof is obtained by comparing, for one particular cancer site, the average cancer mortality per soil unit and for the different 5 year age groups, in males and females separately ( Table II ). In that case the observed differences could not be explained either by differences in age structure, cancer site frequency or sex.
Of the various cancer sites the stomach was selected because in case a soilcancer relationship exists it might well show up most clearly in cancer of the stomach considering the relationship soil-vegetation-food. 1900-1910-1920-1930-1900-1909. 1919. 1929. 1939. 1930 
Percentage rural (R) and 3, urban (M) municipalities.
Rural municipalities: municipalities with <5,000 inhabitants.
,,
For explanation of cover-sand soils see Table II .
Reliability of Mortality Data in the Netherlands.
Holland is a very favourable area for detailed geographical-pathological studies.
(1) Registration of deaths is accurate. (1) The total number of deaths from cancer of the stomach in men above the age of 50 in municipalities located on a particular soil unit, were related to the population of 10,000 men above the age of 50 and the percentage of "plus" municipalities was determined (see above). Except for cover sands, the same succession was found as indicated in (5a) In all age groups (except one, in case of the sandy soils) the river-clay soils and ordinary sandy soils have average stomach cancer mortalities below the average of the country and can be classified as " minus soils" For the oldest age groups it is true for all sandy soils (also the cover sands).
(b) seaclay, peat and reclaimed peat soils are "plus soils" in all age groups.
(6) The increase in stomach cancer mortality with increasing age is very great after the age of 65. The ratios between the stomach cancer mortality in the age group 80 and older and the group 50-54 is highest for the sea clay soils (17.8), followed by river-clay (14-6), sandy soil (all types: 14.2), peat soil (13.6), reclaimed peat soil (11.8). The same succession is found for the ratio of the age group 75-79 and 50-54.
In other words, except for the seaclay soils, one has the impression that the increase in the oldest age groups is inverse with the average mortality, i.e. greatest increase in soils with lowest average stomach cancer mortality.
Possible Causes of the Soil-Stomach Cancer Relationship.
We have seen that differences in age group or sex could not explain the observed relationship. Still there are a number of factors which could be responsible for such a relationship: differences in racial and genetic factors (and blood groups), differences in type, character and growing speed of municipalities on the various soil groups.
The geographical distribution maps of cancer of the stomach were discussed with experts of the Department of Anthropogenetics, of the Netherlands Institute of Preventive Medicine. No obvious correlations were found between soil units and racial or genetic groups in the Netherlands. Blood group data in the Netherlands are insufficient for such a comparative study. In view of the observation of Aird and Bentall (1953) that cancer of the stomach seems to be more frequent amongst people of Blood Group A and particularly rare in Group O, it is worth while to study in future this possible cause of the observed correlation.
Differences in type and character of municipalities cannot explain the observed relationship because, as indicated in Table I , sea-clay soils and river clay soils have almost the same percentage of rural municipalities (90 per cent). In fact we do not know of any factor which could give a reasonable explanation of the observed correlation. Therefore we are inclined to believe that the relationship, at least partly, is a true causal relationship. We do not like to enter into any speculative hypotheses at the present stage of research. However, we should like to point out only that if certain trace element distributions in soil, drinking water and food would affect the origin and (or) development of cancer of the stomach, for example by disturbing the enzyme balance in the body cells (as suggested by the studies of van Everdingen (1952) and others) or in counteracting the glycolitic and other processes in cells (as suggested by the studies of Hecht and Eichholtz (1929) and others), the soil-cancer relationship could be more easily understood.* In Table III a summary is given of the known distribution of a number of trace elements in the Netherlands. Differences in precipitation in different years, differences in drainage, acidity, lime, potassium, phosphate and iron content, etc., may lower or increase the expected available quantities as indicated in Table III . It is well known that several cattle diseases in the Netherlands and in other countries are closely related to soils with certain trace element deficiencies (or surpluses as in the case of Mo). Therefore it seems reasonable to assume that also " man " may be affected by certain trace element distributions. For iodine and fluorine it is even a generally accepted fact. If this would be true for other elements too, it seems possible that the observed soil-cancer relationship may prove to be, at least partly, a soil-trace element-cancer relationship. The second author, together with Dr. Lehr (Director of the Plant Nutrition Research Laboratory at Wageningen), is planning to carry out further research on this subject in the near future. 1900-1909. 1910-1919. 1920-1929. 1930-1939 Ranked percentages "plus" municipalities. 1900-1909. 1910-1919. 1920-1929. 1930-1939 . Totals. With 5 and 30 degrees of freedom the 0-1 per cent significance level of F is only 5.12, so a true association between stomach cancer mortality and types of soil is highly probable. Pairwise comparison of the types of soil is possible with the "sign test ". With only 7 pairs, significance at the 5 per cent level requires that all mortality figures of one type of soil are higher than the corresponding mortality figure of another type of soil.
The figures of Table II indicate that: (1) the mortality figures of riverclay and ordinary sandy soils are significantly lower than those of other types of soil;
(2) the mortality figures of cover sands are significantly lower than those of the reclaimed peat soils.
